Adsorption of a trimeric cationic surfactant, methyldodecylbis [2-(dimethyldodecyl ammonio) ethyl] ammonium tribromide (3RdienQ) on titanium dioxide modified with quaternary amonium groups (XNm, m= alkyl chain length from 4 to 16) was studied. The amount of 3RdienQ adsorbed increased with an increase of the alkyl chain length on XNm. ESR measurements using a spin probe indicate that microviscosity of the 3RdienQ adsorbed layer is greater compared with that of untreated titanium dioxide. Adsolubilization behavior of 2-naphthol was markedly influenced by the alkyl chains grafted on titanium dioxide.
Introduction
Adsorption of surfactants on particles is one of the important subjects in colloid and surface chemistry to understand interactions at solid/ liquid interfaces.
Until now much work has been reported on adsorption behavior of surfactants on particles, in particular hydrophilic oxides from both experimental and theoretical standpoints1 '2) . In addition, physico-chemical properties of surfactant layers adsorbed on particles have also been characterized by using many spectroscopic techniques including ESR and NMR3-7). Very recently, morphology of surfactant aggregates formed on flat surfaces has been studied by using atomic force micros- [8] [9] [10] . copyFor example, interfacial aggregate structures formed by using gemini surfactants at a mica / solution interface are influenced by surfactant geometry as well as electrostatic binding of headgroups10). In the case of titanium dioxide modified with quaternary ammonium groups (alkyl chain length from 4 to 16), adsorption of an anionic surfactant is significantly affected by the alkyl chain length, and microviscosity of their adsorbed layer is much higher than that of the untreated one 12). Further, adsorption of cationic surfactants on titanium dioxide modified with quaternary ammonium groups is markedly influenced by structure of the cationic surfactants,i.e., monomeric and dimeric 13). What remains of interest is to compare the adsorption behavior of a trimeric surfactant with those of the corresponding monomeric and dimeric surfactants. In this paper, the adsorption behavior of a trimeric surfactant, (methyldodecylbis [2 -(dimethyldodecylammonio) ethyl] ammonium tribromide), on titanium dioxide modified with quaternary ammonium groups was studied by using several techniques. Further, incorporation of a water-insoluble compound into the surfactant adsorbed layer, so called "adsolubilization"14) , was also examined using 2-naphthol.
Experimental

Materials
A trimeric surfactant, methyldodecylbis [2- (dimethyldodecylammonio) ethyl] ammonium tribromide (3RdienQ) was synthesized. The methods of synthesis and purification have been described elsewhere15). The modification of titanium dioxide with 1,3,5,7-tetramethylcyclotetrasiloxane and N,N -dimethyl -n -alkylamine can also be found in the literature").
The pertinent properties of the samples are shown in Table 111 ). The spin probe methyl 12-doxylstearate (12-DOXYL ME) from Sigma was used as received. The water used in this study was purified through a Milli-Q system.
The other chemicals were of analytical grade.
Methods and measurements
Adsorption experiments using 3RdienQ were carried out in glass vials with caps. All suspensions (0.1 g TiO2 / 10 mL H2O) in the presence of 10 mmol dm-3 NaBr were equilibrated for 24 hours in a water shaker bath at 25°C. After equilibrium, the solids were separated by centrifugation, and the concentrations of 3RdienQ in the supernatants were determined by high-performance liquid chromatography (HPLC) at 40°C, with a system equipped with an RI-8012 RI detector (Toso Ltd) and a CAP-CELL PAK C18 UG column (4.6 mm i.d. x 250 mm; Shiseido Company, Ltd.). A mixture of methanol and water ( 85:15 in volume) containing 0.4 mol dm-3 NaC1 was used as the mobile phase for the HPLC assays.
The amount of 3RdienQ adsorbed was obtained from the difference in the concentration before and after the adsorption using linear calibrations. The pH of the suspensions were found to be about 6.7.
Suspensions containing 1 X 10-6 mol dm-3
12-DOXYL ME were prepared for ESR measurements. The ESR spectra were obtained on a JEOL FE-3-X spectrometer at room temperature, using solid slurries obtained by In the studies of the adsolubilization of 2-naphthol, a series of surfactant solutions containing 0.4 mmol dm-3 2-naphthol was prepared.
The adsolubilization determination was performed by the same procedure as used for the adsorption studies.
The concentrations of 2-naphthol in the supernatants were determined by HPLC with a system equipped with a UV detector.
Most of the measurements were carried out at 25°C. Figure 1 Figure 4 shows the order parameter of 12-DOXYL ME in the 3RdienQ adsorbed layer on XNm.
Results and Discussion
It is apparent that the order parameters for all the samples are hardly altered with the 3RdienQ concentration and that those of XN4-16 are always greater than that of untreated Ti02. These results imply that the mobility of the probe is restricted in the 3RdienQ adsorbed layer, presumably due to hydrophobic interactions between the alkyl chain of XNm and the alkyl chain of 3RdienQ. Accordingly, it is expected that thus formed surfactant layers can incorporate water-insoluble compounds because these layers are hydrophobic. Figure 5 shows the adsolubilization of 2-naphthol by adsorption of 3RdienQ on XNm.
Interestingly, in the absence of 3RdienQ, 2-naphthol molecules were adsorbed ( or incorporated) appreciably on XN4-16 surfaces, whereas no adsorption of 2-naphthol was observed on untreated Ti02.
With increasing 3RdienQ concentration, the amounts of 2-naphthol adsolubilized increased steeply, showed a maximum, and then decreased for all the samples. The 3RdienQ concentration at which the amount adsolubilized begins to decrease corresponds to the cmc of 3RdienQ, indicating that above the cmc 2-naphthol molecules are partitioned between the adsorbed layer and micelles in the bulk.
The increment in the However, in the case of anionic surfactant, sodium dodecyl sulfate-XNm system and monomeric cationic surf actant, dodecyltrimethylammonium chloride -XNm system"), the amount of 2-naphthol adsolubilized is almost independent of the surfactant concentration").
Thus, it is found that adsolubilization of 2-naphthol is significantly affected by the structure of surfactants as well as the surface properties of particles.
It is concluded from the above results that the adsorption of 3RdienQ is facilitated with increasing alkyl chain length of XNm with an accompanying increase of 4-potential. The microviscosity of the 3RdienQ adsorbed layer on XN4-XN16, estimated using 12-DOXYL ME, is greater than that on untreated TiO2. Adsolubilization of 2-naphthol is influenced by the length of the grafted alkyl chain as well as the adsorption of 3RdienQ. 
